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Abstract 
The interlayer magnetoresistance of the low-dimensional organic metal α-(BEDT-TTF)2KHg(SCN)4 under pressure shows 
features which are likely associated with theoretically predicted field-induced charge-density-wave (FICDW) transitions. At 
ambient pressure, a magnetic field strongly tilted towards the conducting layers induces a series of hysteretic anomalies. We 
attribute these anomalies to a novel kind of FICDW originating from a superposition of the orbital quantization of the nesting 
vector and Pauli effect on the charge-density wave.  © 2001 Elsevier Science. All rights reserved 
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1. Introduction  
The layered organic metal α-(BEDT-TTF)2KHg(SCN)4 
has been of high interest over the last decade due to its low-
temperature state showing an unusual behavior at high 
magnetic fields (see e.g. [1] for a review). At present there 
exist a number of strong experimental arguments] that this 
state is determined by a charge-density-wave (CDW) due to 
nesting of the quasi-one-dimensional (q1D) Fermi surface 
(FS). The critical temperature of the CDW transition, Tc ≈ 
8.5 K, and, therefore, the relevant energy gap are much 
smaller than it is usually met in CDW materials. One of 
important consequences of this fact is a very strong 
influence of a magnetic field on electronic properties. 
Generally, two different mechanisms of coupling of a 
magnetic field to a CDW should be considered. On the one 
hand, the Pauli response of spins of the interacting 
electrons leads to a gradual suppression of the CDW. The 
relevant “magnetic field – temperature” (B–T) phase 
diagram is largely similar to that of a clean superconductor 
or a spin-Peierls system [8]. In particular, it includes the 
high-field, low-temperature phase CDWx corresponding, 
respectively, to the Larkin-Ovchinnikov-Fulde-Ferrel or 
soliton lattice phases in the latter two cases. It is mainly the 
Pauli effect which determines the shape of the B-T phase 
diagram of α-(BEDT-TTF)2KHg(SCN)4 at ambient 
pressure, in magnetic field perpendicular to the highly 
conducting ac-plane [2-4].  
While the Pauli effect is operative in any CDW system, 
provided the field is strong enough, the second, orbital 
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effect becomes important when the FS nesting is 
sufficiently imperfect. In layered conductors, the 
imperfectness of nesting can be introduced by a finite 
second-order interchain transfer integral t′⊥ describing the 
next-nearest-chain transfer in the plane of conducting 
layers. If t′⊥ is comparable to the characteristic CDW 
energy t′* = ∆0/2 (∆0 is the CDW gap at t′⊥=0), the zero-
field critical temperature Tc(0) becomes considerably lower 
than in the case of a perfectly nested FS. However, a 
magnetic field applied perpendicular to the layers restricts 
electron orbits to the chain direction, i.e. enhances their 
one-dimensionality, and restores the density-wave state. In 
particular, if t’⊥≥ t’*, the system is predicted [9,10] to 
undergo at low temperatures a series of first-order phase 
transitions to field-induced CDW (FICDW) subphases with 
quantized values of the Qx component of the nesting vector, 
in analogy with the known field-induced spin-density 
waves (FISDW) phenomenon. However, in the CDW case 
one should take into account a competition between the 
Pauli and orbital effects.  
While the classical orbital effect has been shown to 
exist in the CDW compound α-(BEDT-TTF)2KHg(SCN)4 
under pressure, only weak signs for possible FICDW 
transitions were observed [4]. In the next section, we 
present data on the magnetoresistance under quasi-
hydrostatic pressure which further support the existence of 
FICDW in this material. In section 3, we argue that a new 
manifestation of the orbital quantization which originates 
from simultaneous effects of Pauli and orbital coupling of a 
high magnetic field to a CDW is observed in α-(BEDT-
TTF)2KHg(SCN)4 in strongly tilted fields already at 
ambient pressure. 
Fig. 1. Magnetoresistance of α-(BEDT-TTF)2KHg(SCN)4 in 
perpendicular fields at different pressures. 
2. Magnetoresistance in perpendicular magnetic fields, 
under pressure  
Figure 1 shows interlayer magnetoresistance of α-
(BEDT-TTF)2KHg(SCN)4 in fields perpendicular to the 
conducting layers recorded at T = 0.1 K at different 
pressures. Strong Shubnikov-de Haas (SdH) oscillations 
with the fundamental frequency of 670 to 740 T (depending 
on pressure) originate from the second, q2D band which 
remains metallic in the CDW state. At low pressure these 
oscillations are superimposed on a very high smooth 
background typical of the CDW state of this compound. 
With increasing p the CDW state is gradually suppressed 
which is, in particular, reflected in a rapid decrease of the 
background magnetoresistance. Further, when the pressure 
exceeds the critical value pc ≅ 2.3-2.5 kbar at which the 
zero-field CDW completely vanishes [4,11], new 
oscillatory features emerge in the R(B) curves. They are 
most prominent at p = 3.5±0.5 kbar and fade away outside 
this pressure interval. It is important that this interval 
exactly matches the conditions at which the FICDW 
transitions are expected for this compound [4,9]: it 
corresponds to the antinesting parameter t’⊥ exceeding but 
still close to the critical value t’*. At t’⊥< t’* the CDW state 
is already established at zero field. On the other hand, at t’⊥ 
considerably larger than t’* the negative influence of the 
Pauli effect on the CDW overwhelms the orbital effect [9].  
While the frequency of the observed features does not 
change significantly between 2.5 and 4 kbar, their positions 
shift notably to higher fields with increasing pressure (see 
dashed lines in Fig. 1), in line with their proposed FICDW 
nature. Indeed, with increasing t’⊥ one needs a higher field 
to induce a CDW state via the orbital effect.  
The magnitude of the features rapidly decreases with 
increasing temperature (see Fig. 2), vanishing above 
~1.4 K. This agrees with Lebed’s prediction that the 
FICDW transitions should emerge at considerably lower 
Fig. 2. Field sweeps of the magnetoresistance at different 
temperatures; p = 3 kbar. 
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temperatures than FISDW [10]. Finally, as seen in Fig. 2,  
the positions of the features notably depends on 
temperature in a way similar to that observed in the FISDW 
case, in contrast to what one would normally expect from a 
usual SdH effect.  
3. Ambient-pressure FICDW transitions in strongly 
tilted fields  
We now consider the influence of a high magnetic field 
strongly tilted towards the conducting plane of α-(BEDT-
TTF)2KHg(SCN)4 on the CDW state at ambient pressure. 
Figure 3 shows magnetoresistance (a) and magnetic torque 
(b) at different field orientations. The orientation is defined 
by a tilt angle θ between the field and the normal to the 
conducting ac-plane and azimuthal angle ϕ between the 
field projection on the ac-plane and the c-axis (see inset in 
Fig. 3). All the curves display a complicated hysteretic 
structure consistent with previous reports [3,12].The 
hysteretic character of the anomalies suggests that they are 
associated with multiple first order phase transitions. Fig. 3 
illustrates that the positions of the anomalies are 
independent of the azimuthal angle ϕ. On the other hand, 
they are known to strongly depend on the tilt angle θ [13]. 
Fig. 4 shows the positions of local maxima of the torque 
derivative (∂τ/∂B)θ versus angle θ. Crosses correspond to 
the so-called kink field Bk which is associated with the 
transition between the low-field state CDW0 and high-field 
state CDWx. At θ ≤40° the kink field is constant, Bk ≈ 23 T; 
at higher θ it starts moving to lower fields. The anomalies 
above Bk emerge at θ ≥65° and also rapidly shift down, 
approaching Bk at θ → 90°. The increasingly high 
sensitivity of the structure to changes in the tilt angle θ near 
90° and its independence of the azimuthal orientation ϕ 
suggests that the orbital effect determined by the field 
component Bz = Bcosθ plays a crucial role. On the other 
hand, it is important that the anomalies occur at B>Bk, i.e. 
in the fields producing a very strong Pauli effect. Therefore 
it is very likely that the observed transitions originate from 
an interplay between the Pauli and orbital effects on the 
high field CDW state. 
In order to qualitatively understand the origin of the 
new transitions, we consider the field dependence of the Qx 
component of the nesting vector in a CDW system with a 
moderately imperfect nesting (t′⊥< t′*). At zero field, 
Q0x≈2kF corresponds to the optimal nesting; the entire FS is 
gapped. At a finite magnetic field the degeneracy between 
the CDW's with different spin orientations is lifted. 
Treating each spin subband independently, one can express 
the optimal nesting conditions as Qopt,x(B) = Q0x ± 2µBB/hvF 
where µB is Bohr magneton, vF is the Fermi velocity in the 
chain direction and the sign +(-) stands for the spins 
parallel (antiparallel) to the applied field. This splitting of 
the optimal nesting conditions is illustrated by dashed lines 
in Fig. 5. Nevertheless, both subbands remain fully gapped 
and the system as a whole maintains the constant nesting 
vector Q0x up to the critical field Bk ~ ∆(B=0)/2µB. Above 
Bk, Q0x is no more a good nesting vector as it leads to 
ungapped states in both subbands. As shown by Zanchi et 
al. [9], the CDW energy can be minimized in this case by 
introducing a field dependent term qxPauli = Qx(B) - Q0x 
which is schematically represented in Fig. 5 by the thin 
solid line asymptotically approaching the value 2µBB/hvF. 
This obviously improves the nesting conditions for one of 
the spin subbands (say, the spin-up subband) at the cost of 
an additional “unnesting” of the other (spin-down).  
Now it is important to take into account that the spin-
down subband becomes unnested at B > Bk and therefore is 
subject to a strong orbital effect. The situation is analogous 
 Fig. 3. Resistance (a) and magnetic torque (b) versus magnetic 
field strongly tilted towards the ac-plane. The angles θ and ϕ 
define the field orientation as shown in the inset.  Fig. 4. B–θ phase diagram of α-(BEDT-TTF)2KHg(SCN)4. 
Crosses and solid symbols are, respectively, the kink transition
Bk and the multiple transitions within the high-field state.  
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µBB/hvF. This condition is obviously not fulfilled for 
α-(BEDT-TTF)2KHg(SCN)4 at the field perpendicular to 
the layers. With tilting the field, G reduces, being 
determined by Bz =Bcosθ,  whereas the Pauli effect remains 
unchanged. This causes the transitions at low enough cosθ. 
With further increasing θ, the transitions shift to lower 
fields, in agreement with the experiment.  
Thus, the presented qualitative model seems to explain 
the physical origin of the multiple field-induced transitions 
in α-(BEDT-TTF)2KHg(SCN)4 and their evolution with 
changing the field orientation. The real phase lines shown 
in Fig. 4 look somewhat more complicated than one would 
derive from this simple consideration. A more thorough 
theoretical analysis aimed to provide a quantitative 
description of the new phenomenon is in progress. 
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